The design of Prototype Gen-IV Sodium-Cooled Fast Reactor (PGSFR) has been developed and the validation and verification (V&V) activities to demonstrate the system performance and safety are in progress. In this paper, the current status of test activities is described briefly and significant results are discussed. The large-scale sodium thermal-hydraulic test program, Sodium Test Loop for Safety Simulation and Assessment-1 (STELLA-1), produced satisfactory results, which were used for the computer codes V&V, and the performance test results of the model pump in sodium showed good agreement with those in water. The second phase of the STELLA program with the integral effect tests facility, STELLA-2, is in the detailed design stage of the design process. The sodium thermal-hydraulic experiment loop for finned-tube sodium-to-air heat exchanger performance test, the intermediate heat exchanger test facility, and the test facility for the reactor flow distribution are underway.
1.

Introduction
A Prototype Gen-IV Sodium-Cooled Fast Reactor (PGSFR) has been under development in Korea since 2012 according to a long-term plan for a future nuclear system authorized by the Korean Atomic Energy Commission, which aims the construction of a prototype sodium-cooled fast reactor (SFR) by 2028. The primary purpose of the PGSFR is to demonstrate the technology needed to reduce the radioactive waste in spent nuclear fuel from nuclear power plants in Korea [1, 2] . The PGSFR is a pool-type SFR with the capacity of 150 MWe. It uses metallic fuel and has two intermediate heat transport systems connecting the primary heat transport system (PHTS) and steam generators and four decay heat removal systems (DHRSs): two passive and two active ones.
France, Japan, India, Russia, China, the European Union, and Korea are actively working on the SFR with the aim of developing a promising technology to perform actinide management and electricity generation missions, and great efforts are committed to develop enhanced technologies and to validate technologies through intensive test programs [3] . Among those activities, the safety decay heat removal loop in natrium (SADHANA) [4] facility for the performance evaluation of the decay heat removal capability in India and the plant dynaic testing loop for sodium (PLANDTL) [5] facility for sodium thermal hydraulics in the reactor core and transient thermal hydraulics in the primary heat removal system in Japan are categorized as a large-scale sodium thermalhydraulics test facility for SFRs. The Sodium Test Loop for Safety Simulation and Assessment (STELLA) facility in Korea is a large-scale sodium thermal-hydraulic test program to collect separate-and integral effect test data sets to validate the safety analysis codes and the thermal-hydraulic design codes. STELLA-1 is one of the large sodium test facilities to be noted for heat exchanger test ability as well as for natural circulation test capability. The STELLA-2 is a unique test facility including all the heat transport systems of actual reactor and is capable of testing the complicated phenomena in primary pool [6] .
The validation and verification (V&V) activities needed to demonstrate the system performance and safety of the PGSFR are in progress [7] . In addition to confirmation of the system performance, the neutronics analysis code, fuel rod performance analysis code, system transient analysis codes, and thermal-hydraulic design codes will be validated by reflecting the results of V&V activities. Many of the test activities are currently ongoing and some of them have recently been finished. In this paper, the current status of selected activities of these test programs is described briefly and significant results are discussed.
2.
Performance demonstration and V&V tests 2.1.
Performance test for the DHRS heat exchangers (STELLA-1)
To support the specific design approval for the PGSFR, a largescale sodium thermal-hydraulic test program, called STELLA, is in progress at Korea Atomic Energy Research Institute (KAERI). The STELLA program consists of two phases as shown in Fig. 1 . The first phase STELLA-1 test facility was constructed for separate-effect tests of key sodium components [decay heat exchanger (DHX) and air heat exchanger (AHX)] for the DHRS and mechanical sodium pump. Major tests were carried out successfully in 2014 and 2015, and the test database obtained from STELLA-1 has been used for the V&V of the safety code as well as for the heat exchanger thermal-hydraulic design codes [6, 8, 9] .
STELLA-1 consists of three test loops and sodium purification and auxiliary systems as shown in Fig. 2 . The main test components are a sodium-to-sodium heat exchanger (DHX), a helical-type sodium-to-air heat exchanger (AHX), and a mechanical model sodium pump. The overall size of the facility is 15 Â 8 Â 22 m 3 (W Â L Â H); the total sodium inventory is around 18 t, and 11 t of liquid sodium is used during the main test. Fig. 3 shows the comparisons between the measured outlet temperatures of the DHX shell and tube sides and those of the SHXSA code calculations, which is a thermalhydraulic design code for DHX. The measured temperature data showed good agreement with the SHXSA calculations within 1.8% deviations. Fig. 4 shows comparisons between the measured outlet temperatures and those of the AHXSA code calculations, which is a thermal-hydraulic design code for the AHX. For the tube-side sodium temperature, the measured values were consistent with the calculated values within a 6% deviation. However, for the shell-side air, code predictions were higher than the measured values, and the maximum deviation was estimated to be around 10%. The discrepancies are reasonable and within tolerable deviation range because it is known that the air-side heat transfer correlations generally have larger uncertainties than those of the sodium side.
In addition to the V&V of the thermal-hydraulic design codes, V&V of the safety analysis code, MARS-LMR, was carried out using the experimental data of STELLA-1. The heat transfer models for the heat exchangers in DHRS were implemented in MARS-LMR and the comparison between MARS-LMR analysis and STELLA-1 experiment was performed with a temperature difference between the inlet and the outlet. The heat transfer models for the DHX and AHX in MARS-LMR agreed well with experimental results.
Sodium thermal-hydraulics integral effect test for the PGSFR (STELLA-2)
The second phase of the STELLA program, STELLA-2, is currently making progress toward the integral effect tests of the PGSFR [7] . The construction of the STELLA-2 test facility will be finished by 2018 and the tests will be started from 2019, as shown in Fig. 1 . Based on the STELLA-2 platform, a simulation of the PGSFR transient will be made to evaluate the plant dynamic behaviors and to demonstrate the decay heat removal performance. Multidimensional effects coming from a large sodium pool system will be identified as well. The test database obtained from the STELLA-2 experiment will be used for the validation of the safety analysis codes and other thermal-hydraulics codes, and the results from this project eventually contribute to the specific design approval of the PGSFR.
By considering reasonable simulation capabilities and cost factors of the scaled set up, the three-level scaling law [10] was implemented for a reduced length scale corresponding to the electric heater power scale. With the cost factors including practical constraints of the scaled set up, the length scale of STELLA-2 was set to be 1/5 in height and 1/125 in volume. The key design parameters for STELLA-2 are listed in Table 1 , and all design parameters of STELLA-2 were obtained from these scaling criteria over the course of the basic design phase. There are three more types of simulated sodium loop systems in STELLA-2, which are the model intermediate heat transport system, model passive DHRS, and model active decay heat removal system as shown in Fig. 5. 
2.3.
Hydraulic performance test of the PHTS pump
The STELLA-1 test facility contains a mechanical sodium pump in addition to the model heat exchangers of DHX and AHX. The model mechanical pump was manufactured to preserve the major hydraulic phenomena according to the N u c l e a r E n g i n e e r i n g a n d T e c h n o l o g y 4 8 ( 2 0 1 6 ) 1 0 8 3 e1 0 9 5 related similarity criteria using the corresponding prototype pump of the 600-MWe demonstration SFR. The impeller outer diameter of the pump was scaled down using a factor of 5.5 of that of the prototype pump while keeping the same specific speed. The model mechanical pump had a rated flow rate of 510 m 3 /h, a rated pressure head of 50.3 m, and a specific speed of 330 rpm$m 3 /min$m, and a rated rotational speed of 2,140 rpm [11] . To ensure the performance, safety, and operability of a pump before its installation in the SFR, performance tests of the model pump in a sodium environment were done using STELLA-1 in 2015 [12] . Fig. 6 shows the performance curve of the model pump at 300 C. It was confirmed that the performance test in water instead of sodium was valid because the test results in sodium showed good agreement with those in water [13] . Based on this result, the hydraulic model pump for the 150-MWe PGSFR, reflecting an impeller and a diffuser with data for a full-sized design, was fabricated. A four-quadrant performance test procedure and the coastdown test were performed in water in 2016 to generate a test database [14] that will be used for the safety analysis of the PGSFR.
Performance test for a finned-tube sodium-to-air heat exchanger
The PGSFR employs two kinds of sodium-to-air heat exchangers in DHRS as an ultimate heat sink. One is a natural draft sodium-to-air heat exchanger (AHX) with helically coiled sodium tubes, and the other is a forced draft sodium-to-air heat exchanger (FHX) with straightly arranged finned tubes. Because the FHX is normally operated in active mode with forced air draft, its performance should be verified for all anticipated operating conditions. The separate-effect test facility, called sodium thermal-hydraulic experiment loop for finned-tube sodium-to-air heat exchanger (SELFA), for the performance test of a model FHX was recently completed and its test run is underway [15] . Fig. 7 shows a schematic of the SELFA test facility. The SELFA consists of the main test loop, the sodium purification system, the gas supply system, and the related auxiliary systems. The prototype FHX was designed to be a four-pass serpentine shape (M shape) with the staggered tube arrangement to enhance its heat transfer performance. Each heat transfer tube has several helical fins with narrow pitch, to extend the effective heat transfer surface area in contact with the air flow. The main objectives of the experiments using the SELFA facility are to construct a test database for V&V of the computer code FHXSA [16] , which was developed for thermal sizing of the FHX unit, and to investigate its thermal-hydraulic performance.
The fabrication of the model FHX has also been completed to preserve the overall design requirements. Basically, the overall length scale of the model FHX has been preserved to minimize any distortions coming from the power-scale reduction. To make this feature possible, the number of tube columns has been reduced in accordance with the power scale of 1/8. After a test run of the SELFA facility, the main test will be started from the end of 2016 to construct the extended test database for the computer code V&V, as well as for confirmation of the performance of the FHX. N u c l e a r E n g i n e e r i n g a n d T e c h n o l o g y 4 8 ( 2 0 1 6 ) 1 0 8 3 e1 0 9 5 2.5.
Intermediate heat exchanger flow characteristics test
The intermediate heat exchanger (IHX) is a thermalhydraulically designed heat exchanger using the SHXSA code, which is for the design of straight sodium-to-sodium heat transfer tubes. It is necessary to validate the SHXSA code, including the pressure drop correlation. Uncertainties may increase under the complex geometry and the various flow conditions during the corresponding flow characteristic tests for the model IHX in water.
The detailed design for the test facility was developed in 2015, and construction of the test facility began in 2016. Fig. 8 shows the schematic of IHX test section [17] . The optimal reduced scale ratio of the model IHX is 1/29 in volume and 1/1 in height. The number of tubes is 1/40 compared with the prototype IHX and the shapes of inlet/outlet are maintained as closely as possible to those of the prototype IHX. The Reynolds number and the hydraulic diameter in the tube bundle region were conserved and the proper instrumentation was designed, for which types and ranges are decided based on the test requirements and scaling analysis for pressure, pressure drop, temperature, and flow rates.
The main test will start at the end of 2016 and the test data will be acquired by 2017. It will contribute to the V&V of computer code as well as to the confirmation of the performance of the IHX.
Reactor flow distribution test
The PGSFR has complex inner components, such as core inlet plenum, four IHXs, four DHXs, two primary mechanical pumps, an upper internal structure (UIS), and a redan structure. The flow characteristics inside a reactor are multidimensional flow phenomena that depend on the geometric shapes in the reactor. It becomes difficult to analyze reactor flow characteristics due to their complexity, and therefore, verification tests of the full core and pool-side flow distribution are necessary for the V&V of design and safety performance. The purposes of the reactor flow distribution test are to evaluate the degree of nonuniformity and asymmetry of the flow in a reactor vessel, to evaluate the flow rate distribution among the fuel assemblies in an inlet plenum, and to evaluate the fluidic resistance across the complex internal structures. To conserve the hydrodynamic characteristics of the simulated reactor in the actual PGSFR, the optimal reduced scale ratio of the length of the model reactor was chosen as 1/5. The Reynolds number is higher than 1/16 of the Reynolds number of the PGSFR, and the Euler number is conserved for the internal flow paths of the PHTS. Fig. 9 shows the schematic of the reactor flow distribution test model. The diameter and the height of the model reactor vessel are 1.7 m and 2.5 m, respectively, which satisfy the geometrical and hydraulic similarity with the reactor vessel of the PGSFR. The test facility for the inlet plenum flow distribution is integrated with the test facility of the reactor flow distribution to provide more practical boundary conditions at the inlet plenum. The 1/5 scale test facility has a total of 313 simulators for the PGSFR fuel assemblies and nonfuel assemblies. The 112 fuel assembly simulators are designed to have a target pressure drop of 125.6 kPa, drawn from the scaling analysis. The fuel assembly simulators consist of a receptacle, variable-resistance rotating orifice spool, Venturi tube, and connection pipes. The outer dimensions of the receptacle were reduced by 1/5 linear scale. The optimal design specifications of the Venturi tube and orifice spool were drawn for each fuel assembly simulator of nine different flow groups. Two canned motor pumps (maximum flow rate, 30 kg/s; hydraulic head, 60 m) are used for the PHTS pump and the water is heated to 60 C by a 180-kW capacity heater.
The test facilities will be ready in 2017 and the experimental database will contribute to the relevance evaluation of the SFR fluidic design, core design, and the safety analysis as well as to the acquisition of the PGSFR design license. Fig. 7 e Images of sodium thermal-hydraulic experiment loop for finned-tube sodium-to-air heat exchanger test facility. EM, electromagnetic.
Core thermal-hydraulic characteristics test
For safety analysis of a core thermal design of the PGSFR, flow characteristics in subchannels of a wire-wrapped rod bundle are very important. A hexagonally arrayed wire-wrapped fuel rod bundle was developed and core subchannels are classified as interior, edge, and corner subchannels. Flow distribution of each subchannel is a crucial factor for the core thermal design, thus experimental tests for the design code V&V in a temperature-limitation analysis were required to insure the confidence of the thermal-hydraulic correlations. One of the most influential parameters on the uncertainty of the subchannel analysis is the friction coefficient, which is related to the flow distribution in a reactor subchannel. The eventual purpose of a thermal fluidic design considering this parameter is to guarantee the fuel cladding integrity as a design limit parameter.
An experimental program had been undertaken to quantify the friction and mixing parameters used to characterize the flow distribution in the subchannels. A wire-wrapped 37-pin rod assembly and a wire-wrapped 61-pin rod assembly, with hexagonal test rigs, were designed, fabricated, and tested in 2013 and 2014 [18e20] as shown in Fig. 10 . It is noted that the 37-pin model is for the earlier version of the PGSFR and the 61-pin model is for the current version of the PGSFR, thus there is a slight difference in the specifications. Experiments were conducted at the Flow Identification Test Loop for Fast Reactor Fuel Assembly test facility at KAERI. The test loop consists of a water storage tank, a pump, and a test rig. Fig. 11 shows the flow distribution of a 61-pin rod bundle for a nominal flow condition. The flow rates at the edge subchannels were higher than those at the interior subchannels because of the larger flow area at the edge subchannels consisting of two wire-wrapped rods and the flat wall. In a free case, the flow scattering is somewhat large, especially at the edge subchannels because of the free locations of the rods in a duct.
A computational fluid dynamics analysis was also performed and the results were compared with the experimental results. The flow rates of the interior subchannels agreed well with the experimental data, but the flow rates of the edge and the corner subchannels were overpredicted due to the larger flow area and the lower friction loss. The current experimental data can be utilized to estimate the accuracy of the subchannel analysis code and the uncertainties of the thermal-hydraulic models.
Dynamic characteristics test of the upper internal structures
The upper internal structure (UIS) in a sodium-cooled fast reactor is about 80% submerged into a coolant at steady state, and this submergence level varies depending on the operating and power conditions. The flow holes to discharge the hot coolant to the IHX are machined in the UIS cylinder and cause the decrease in its bending stiffness. In addition, the fluidadded mass equivalent to the submerged depth in the fluid increases the structural mass. Such structural geometry and submergence conditions affect the dynamic characteristics of the perforated cylindrical structure, and thus the structural design of the UIS is required to reflect them.
The test facility for the dynamic characteristic tests of a perforated cylindrical structure simulating the UIS cylinder was constructed and the dynamic characteristic tests considering the flow-hole size and submergence depth were carried out in 2014. Four test models were used, namely, a cylindrical structure without flow hole and cylindrical structures with flow holes of 10%, 30%, and 50% porosities [21, 22] .
It was demonstrated that the natural frequency of the first bending mode for a perforated structure was less than that for a simple cylindrical structure in air and that this decreased as the size of the hole increased. For the submergence condition in water, the natural frequency for a perforated structure decreased as the submergence level increased, but was almost constant beyond a certain submergence level. The effect of the fluid-added mass for the perforated cylindrical models was almost constant regardless of the immersion level if the immersion level was greater than 40%. These test results were in good agreement with the detailed finite-element analysis results (differences within 4%) and the test data will be utilized for the preparation of UIS seismic analysis models.
2.9.
Performance test of the control rod drive mechanism
The PGSFR has six primary control rod assemblies (CRAs) and three secondary shutdown assemblies. The control rod drive mechanism (CRDM) is mounted on top of the rotatable plug and controls the axial motion of the CRA. The primary system is used for reactivity control, burn-up compensation, and the reactor shutdown in response to demands from the plant control and protection systems. The primary system consists of the drive motor assembly, the driveline, and its housing. The secondary system is used to trip the reactor in response to the plant protection system, and is also used for the mitigation of a severe accident by a passive shutdown function. The system automatically releases the CRA at the set temperature above the design value, and then the CRA is inserted by gravity N u c l e a r E n g i n e e r i n g a n d T e c h n o l o g y 4 8 ( 2 0 1 6 ) 1 0 8 3 e1 0 9 5 into the core, without any external control signal and any actuating power, shutting down the reactor. The purposes of the CRDM performance test are to conduct the performance test of CRDM-driving parts such as an electromagnet, an abnormal withdrawal prevention part, a gripper, and driving motors, and to verify their structural integrities. In addition, the verification test for the passive shutdown mechanism is necessary. The test facility was constructed in 2015 and 2016, as shown in Fig. 12 and the corresponding tests are currently in progress, with the aim of completion by 2017 [23e25] . The performance of the reactivity control motor and the gripper system was also ascertained. Electromagnet response tests were performed to identify the variables, and the main factors influencing the response were found to be the armature holding current for holding the armature loads and the material type of the electromagnet core. The average response time was 0.184 seconds in the case of using the SS410 material as an armature, whereas the 2.25Cre1Mo material as an armature had a response time of 0.16 seconds. More tests are ongoing and the final acceptability of the electromagnetic response time data obtained by these tests will be evaluated with CRA drop Fig. 9 e Schematic of reactor flow distribution test section. 
test results. The electromagnetic force tests were conducted for secondary CRAs. The electromagnetic forces existed in the range of 5 kg f to 260 kg f , depending on the gap sizes and core materials.
The fast-insertion test of the CRAs by using the fast drivein motor, rod stop test, and the verification test of the thermal expansion system integrated with the electromagnet for passive shutdown are to be carried out in 2017.
Drop test of the CRA
Under scram conditions, the CRA should be quickly inserted into the reactor core by free drop to shutdown chain reactions while it controls the reactor power by adjusting its position in the reactor core during the normal operation. For the safety of the PGSFR, therefore, the drop time of the CRA is important and must be experimentally verified. The purposes of the drop test of CRA are confirmation of the drop time for its free drop from the height of 1 m and the validation of the CRA drop analysis methodology by comparing the test result with that of analysis [26] . Fig. 11 e Subchannel (SC) flow distribution in a 61-pin test assembly. CFD, computational fluid dynamics. Fig. 12 e Overview of control rod drive mechanism performance test facility including drive motors and measurement sensors. 
The test facility for the free drop test of the CRA consists of a full-sized CRA, a flow loop, and control and measurement systems. The operating fluid was water and the drop time of the CRA was measured using a high-speed camera. In the tests, the flow rate was varied from 0% to 200% of the design flow rate (0.46 kg/s). The drop time of the CRA increases as the flow rate increases and the measured drop time of 1.527 seconds for the 0% of design flow rate agreed well with the analysis result, that is, 1.45 seconds (differences within 5%). Fig. 13 shows the test facility for the free drop test of the CRA under seismic loadings, including a six-axis shaker system and a supporting structure. The operating fluid was water and the drop time of the CRA was measured by a wire displacement meter because the high-speed camera could not be used under seismic loadings that cause large displacements of the test facility. In the tests, the flow rate was varied from 0% to 200% of the design flow rate and the soil-response time histories with magnitudes of 0.1g, 0.3g, and 0.5g were considered as the seismic loadings. These results suggest that the effect of seismic loading on the drop time of the CRA was not significant, although the drop time varied slightly under seismic loading.
2.11. In-service inspection tests of the waveguide sensor for reactor internals, electromagnetic acoustic transducer for the reactor vessel, and the combined sensor for steam generator tubes
For the safe operation of the PGSFR, advanced inspection techniques that could be effectively applied in extreme conditions caused by the use of liquid sodium as the coolant are necessary, and three types of inspection sensors are currently under development at KAERI [27e29]. They are a waveguide sensor for reactor internals, an electromagnetic acoustic transducer (EMAT) for the reactor vessel, and a combined inspection sensor for steam generator tubes. For the application of the newly developed sensors to an actual inspection, their performances must be verified by experiments.
1. The waveguide sensor was developed to overcome the opacity of liquid sodium and to enhance the sustainability of performance under highly radioactive and hightemperature conditions. The ranging test was carried out in water using the horizontal beam waveguide sensor, which can radiate ultrasonic waves horizontally, and using full-sized control rod drive line specimens as the simulated obstacles. Test results showed that the simulated obstacles including the farthest one located about 1.5 m away from the sensor were well detected. The viewing test was conducted in water and also in liquid sodium. In water tests, simulated reactor core specimens were visualized by double-rotational scanning of two vertical beam waveguide sensors, which can radiate the ultrasonic wave vertically, and the result is shown in Fig. 14A . Meanwhile, the viewing test in hot liquid sodium was carried out in the sodium test facility shown in Fig. 14B . The test temperature was 200 C and a specially designed vertical beam waveguide sensor having thin layers of beryllium and nickel coating on the inner and outer sides of the radiating face, respectively, was employed to visualize slit defects. The result shows that even a slit 0.5 mm wide was well detected by the developed waveguide sensor in hot liquid sodium. 2. The small high-temperature EMAT was developed for noncontact inspection of the reactor vessel in the narrow gap between the reactor vessel and the containment vessel. Fig. 15A shows the experimental setup and results for the performance test of EMAT. In the test, the radiation pattern, signal-to-noise ratio (SNR), and detectability of the newly developed EMAT were investigated. The performance tests to investigate SNR and detectability of the developed EMAT were carried out by varying the liftoff from 0 mm to 1 mm. Two EMATs were used in a pitch-catch mode for both tests and a 50-mm thick stainless steel block having a slit defect, for which the depth was 20% of the block thickness, was employed for the detectability test. The result showed that the SNR of the developed EMAT was over 15 dB up to 0.5 mm liftoff, although it decreased as the liftoff increased. From the results in Fig. 15B , one can also see that the 20% defect was detected well by the EMAT with up to 0.4 mm liftoff. 3. Finally, the combined inspection sensor, which can conduct remote field eddy current testing (RFECT) and magnetic flux leakage (MFL) testing simultaneously, was developed to be applied effectively to ferromagnetic tubes and to enhance the detectability to small and sharp defects such as cracks and pits. Fig. 16A shows the experimental setup and results for the detectability test of the combined inspection sensor. In the test, two 9Cre1MoeV (G91) tubes having different types of defects (circumferential notch and groove) were inspected and the effect of a tube support plate on the measured signal of the combined inspection sensor was also investigated. From the result in Fig. 16B , one can see that all circumferential grooves having width Fig. 13 e Test facility for control rod assembly free drop under seismic loadings.
N u c l e a r E n g i n e e r i n g a n d T e c h n o l o g y 4 8 ( 2 0 1 6 ) 1 0 8 3 e1 0 9 5 larger than that of the notch were well detected by the RFECT technique using the combined inspection sensor. By contrast, the circumferential groove with depth larger than 20% of the tube wall thickness could only be detected by the MFL technique. In addition, the circumferential notch with depth of 20% or more of the tube wall thickness was well detected by the MFL technique of the combined inspection sensor, whereas no defects were detected by the RFECT technique.
Although the feasibilities of the developed inspection sensors were successfully demonstrated, more efforts should be made to improve their performance for application to an actual inspection. To this end, design optimizations of the sensors and corresponding performance tests need to be conducted.
Conclusion and discussion
With the PGSFR development, the support of test activities is essential and the main items of the performance demonstration and computer codes V&V tests were introduced. The current status of each activity was explained with emphasis on the significant test results. A large-scale sodium thermal-hydraulic test program (STELLA) including the STELLA-1 for separate-effect tests and the STELLA-2 for integral effect tests was described. The 
STELLA-1 produced satisfactory results and these were successfully used to validate both the heat exchanger design codes and safety analysis code. The STELLA-2 with a scaling ratio of 1/5 in length and 1/125 in volume is under construction. It is expected to be a globally unique integral effect test facility for SFRs, including all the heat transport systems (PHTS, intermediate heat transport system, and DHRS). The performance test results of the model mechanical pump in sodium (at STELLA-1) showed a good agreement with the test results in water and it was confirmed that the actual pump for the PGSFR could be tested in water instead of testing in sodium. Based on this result, the performance test of a hydraulic model pump reflecting an impeller and a diffuser with fullsized design data of a 150-MWe PGSFR has been conducted in water to generate a test database that will be used for the safety analysis of the PGSFR.
The SELFA facility for FHX performance test is now ready and a test run is ongoing. The constructions of the test facilities for the IHX and the reactor flow distribution are underway.
A flow characteristics test in subchannels of a wirewrapped rod bundle was carried out for the safety analysis in a PGSFR core. Hexagonally arrayed 37-pin and 61-pin wirewrapped fuel rod bundle test assemblies were tested and the results were utilized successfully to verify and validate computer codes for the core thermal design. A dynamic characteristics test of the UIS has been performed and its result will be used for preparation of UIS seismic analysis model for the PGSFR.
The performance tests for both primary CRAs and secondary shutdown assemblies have been under way. These include performance tests of CRDM driving parts such as an electromagnet, an abnormal withdrawal prevention part, a gripper, and driving motors, and the verification test for the passive shutdown mechanism. Drop tests of the CRA under scram conditions were performed to be compared with those from drop analyses. The drop analysis methodology was verified with the test results and optimal design is currently under way. Additional drop tests with the optimally designed CRA are planned for later this year.
Three types of inspection sensors are currently under development for safe operation of the PGSFR and their basic performance tests have been conducted: a waveguide sensor for reactor internals, the EMAT for the reactor vessel, and the combined inspection sensor for steam generator tubes. Although the feasibilities of the developed inspection sensors were successfully demonstrated, more effort should be made to improve their performance for application to an actual inspection.
In addition to the test activities described earlier, it should be noted that further test activities for large-scale components (e.g., steam generator and fuel handling system) need to be carried out during licensing and initial commissioning of the reactor, either directly or indirectly.
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